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Hospital Percutaneous Coronary Intervention
Appropriateness and In-Hospital Procedural Outcomes

Insights From the NCDR

Steven M. Bradley, MD, MPH; Paul S. Chan, MD, MSc; John A. Spertus, MD, MPH;
Kevin F. Kennedy, MS; Pamela S. Douglas, MD; Manesh R. Patel, MD; H. Vernon Anderson, MD;

Henry H. Ting, MD, MBA; John S. Rumsfeld, MD, PhD; Brahmajee K. Nallamothu, MD, MPH

Background—Measurement of hospital quality has traditionally focused on processes of care and postprocedure outcomes.
Appropriateness measures for percutaneous coronary intervention (PCI) assess quality as it relates to patient selection
and the decision to perform PCI. The association between patient selection for PCI and processes of care and
postprocedural outcomes is unknown.

Methods and Results—We included 203 531 patients undergoing nonacute (elective) PCI from 779 hospitals participating in
the National Cardiovascular Data Registry (NCDR) CathPCI Registry between July 2009 and April 2011. We examined the
association between a hospital’s proportion of nonacute PCIs categorized as inappropriate by the 2009 Appropriate Use
Criteria (AUC) for Coronary Revascularization and in-hospital mortality, bleeding complications, and use of optimal
guideline-directed medical therapy at discharge (ie, aspirin, thienopyridines, and statins). When categorized as hospital tertiles,
the range of inappropriate PCI was 0.0% to 8.1% in the lowest tertile, 8.1% to 15.2% in the middle tertile, and 15.2% to 58.6%
in the highest tertile. Compared with lowest-tertile hospitals, mortality was not significantly different at middle-tertile
(adjusted odds ratio [OR], 0.93; 95% confidence interval [CI], 0.73–1.19) or highest-tertile hospitals (OR, 1.12; 95% CI,
0.88–1.43; P�0.35 for differences between tertiles). Similarly, risk-adjusted bleeding did not vary significantly (middle-tertile
OR, 1.13; 95% CI, 1.02–1.16; highest-tertile OR, 1.02; 95% CI, 0.91–1.16; P�0.07 for differences between tertiles) nor did
use of optimal medical therapy at discharge (85.3% versus 85.7% versus 85.2%; P�0.58).

Conclusions—In a national cohort of nonacute PCIs, a hospital’s proportion of inappropriate PCIs was not associated
with in-hospital mortality, bleeding, or medical therapy at discharge. This suggests PCI appropriateness measures
aspects of hospital PCI quality that are independent of how well the procedure is performed. Therefore, PCI
appropriateness and postprocedural outcomes are both important metrics to inform PCI quality. (Circ Cardiovasc
Qual Outcomes. 2012;5:290-297.)

Key Words: appropriateness criteria � coronary artery disease � percutaneous coronary intervention � utilization
� hospital � quality of care � health services research

Achieving high-quality percutaneous coronary intervention
(PCI) requires efforts to minimize the potential for signif-

icant complications and maximize patient benefit. Traditionally,
measuring the quality of PCI has focused on processes of care
and postprocedural outcomes, such as in-hospital mortality,
bleeding and vascular complication rates, and provision of

guideline-recommended medications.1 These metrics have been
useful in supporting quality improvement.2,3

Despite their importance, assessing processes of care and
postprocedural outcomes fail to account for a key aspect of
high quality care—proper patient selection. Recently, multi-
ple major cardiology organizations collaborated to create
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Appropriate Use Criteria (AUC) for Coronary Revasculariza-
tion; a guidelines-based approach for assessing procedural
“appropriateness” for a range of clinical scenarios.4 In the
AUC, coronary revascularization was considered “appropri-
ate” for a given clinical scenario when the expected benefits,
in terms of survival or quality of life, exceeded the expected
negative consequences of the procedure and “inappropriate”
when the risks were perceived to outweigh the benefits. There-
fore, these criteria represent an assessment of PCI quality as it
relates to patient selection and the decision to perform PCI, in
contrast to processes of care and postprocedural outcomes that
represent how well the PCI was performed.

WHAT IS KNOWN

● Measuring PCI quality has traditionally focused on
processes of care and postprocedural outcomes, such
as in-hospital mortality, bleeding and vascular com-
plication rates, and provision of guideline-
recommended medications.

● PCI appropriateness is increasingly being incorpo-
rated into registries and quality improvement pro-
grams to measure the quality of patient selection for
PCI, although the relationship to traditional PCI
quality metrics is unknown.

WHAT THE STUDY ADDS

● In a large national registry of PCI, we found no
relationship between a hospital’s proportion of inap-
propriate PCIs for nonacute indications and tradi-
tional performance measures of processes of care
and postprocedural outcomes.

● The observed large hospital-level variation in the pro-
portion of inappropriate PCIs suggests differences in
the quality of patient selection that was unrelated to
how well the procedure was performed and emphasizes
the importance of both appropriateness and postproce-
dural outcomes to informing PCI quality.

● Systems to improve a hospital’s selection of patients
for PCI may include decision-making tools and
interventions prior to patient arrival in the cardiac
catheterization laboratory and will differ from sys-
tems to minimize procedural complications.

Assessment of procedural appropriateness using the AUC
is rapidly being incorporated into PCI registries and quality
improvement programs in the hopes of facilitating high-
quality PCI that is both effective and efficient.5,6 However,
the association between the AUC and traditional quality
metrics is unknown. It is possible that PCI appropriateness
correlates with other aspects of care, such as the provision of
optimal medical therapy and low complication and mortality
rates. Alternatively, PCI appropriateness may measure a
different and independent component of PCI quality, such
that hospitals with the lowest rate of PCI complications may
not excel at patient selection. In fact, there is potential for an
inverse relationship to be compounded by lower complication
rates in the setting of inappropriate PCI, given that such

patients often have lower clinical risk (eg, less ischemic
burden, lower severity coronary disease). As a result, failure
to account for patient selection in the measurement of PCI
quality may lead to erroneous conclusions. We sought to
determine whether these measures are redundant or comple-
mentary to help inform the optimal range of metrics for
monitoring quality. Accordingly, we analyzed data from a
large, contemporary, national PCI registry to determine the
association between a hospital’s proportion of inappropriate
PCIs and processes of care and postprocedural outcomes.

Methods
Data Source
The National Cardiovascular Data Registry (NCDR) CathPCI Reg-
istry, sponsored by the American College of Cardiology and the
Society for Cardiovascular Angiography and Interventions, is the
largest national registry of diagnostic cardiac catheterization and
PCI, with more than 1000 participating centers across the United
States.7,8 Captured data include detailed patient and hospital charac-
teristics, procedural findings, interventions, and outcomes based on
prespecified data elements defined by an NCDR committee.5 Data
quality assurance is achieved through automatic system validation and
reporting of data completeness, education and training for site data
managers, and random on-site auditing.9 Only institutions whose data
submissions meet NCDR quality criteria for reporting are included.

Study Population
Patients who underwent PCI for nonacute indications in the period
from July 2009 through April 2011 were included. This study period
follows implementation of version 4.0 of the NCDR data collection
tool, which included the data necessary for assigning the AUC to
each procedure. We excluded PCI for acute indications (ST-seg-
ment–elevation myocardial infarction, non–ST-segment–elevation
myocardial infarction, and unstable angina with high-risk features)
as prior work found these indications were nearly uniformly appro-
priate with minimal hospital-level variation.10 Each nonacute PCI
was mapped to an AUC clinical indication using previously devel-
oped algorithms, based on the 2009 publication of the AUC.10 We
excluded nonacute PCI procedures that were missing the necessary
data elements for mapping to the AUC, such as Canadian Cardio-
vascular Society (CCS) class for angina severity and stress test
results. Additionally, we excluded PCIs from sites with annual
nonacute procedure volume �50 to ensure that the rates of inappro-
priate PCI were not inflated by small numbers.

Outcomes Measures
To compare appropriateness with standard performance measures,
we assessed the use of secondary prevention medications and
periprocedural complications. Guideline-directed medications at dis-
charge after PCI was created as an “all-or-none” measure and
defined as documentation of the prescription of all clinically indi-
cated medications (ie, aspirin, thienopyridine, and statin) after
accounting for patient exclusions. Periprocedural bleeding was
defined, in accordance with the NCDR CathPCI data definition, as
bleeding requiring a blood transfusion, prolonged hospital stay for
management, or bleeding associated with a �3 g/dL decrease in
hemoglobin level. In-hospital mortality is documented as part of the
NCDR record.

Statistical Analysis
For each hospital, we determined the proportion of PCIs for nonacute
indications classified as inappropriate by the AUC. We compared
patient and hospital-level characteristics across tertiles of hospitals’
proportions of inappropriate PCIs, using linear trend test for continuous
variables and Mantel-Haenszel trend test for categorical variables.

We then evaluated the relationship between a hospital’s proportion
of inappropriate PCI with guideline-directed medications at dis-
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charge and postprocedural outcomes, including in-hospital mortality and
periprocedural bleeding. The unadjusted association between hospital
tertiles of inappropriate PCIs and in-hospital mortality, bleeding com-
plications, and guideline-directed medications at discharge was deter-
mined using the Mantel-Haenszel trend test. Next, using covariates from
predictive models previously developed and validated within NCDR for
in-hospital mortality and periprocedural bleeding,11,12 we used multi-
variable logistic regression to model the risk-adjusted association
between hospital tertiles of inappropriate PCIs and in-hospital mortality
and periprocedural bleeding. The association of hospital tertiles of
inappropriate nonacute PCI with risk-adjusted in-hospital mortality and
bleeding was then assessed using the Wald �2 test.

Because the primary reason for excluding nonacute cases in our
analysis was due to missing data on stress test results, we performed
sensitivity analyses with best- and worst-case scenarios in which all
missing stress tests results were assumed to be high-risk and
low-risk, respectively. We explored the impact of these assumptions
on the categorization of hospital tertile of inappropriate PCI in
addition to the primary analyses described above.

All statistical analyses were performed with SAS 9.2 (SAS
Institute, Inc, Cary, NC) and evaluated at a significance level of 0.05.
The institutional review board at Saint Luke’s Mid America Heart
Institute granted a waiver of written informed consent and provided
authorization for this study.

Results
From July 2009 to April 2011, we identified 426 880 patients
who underwent PCI for nonacute indications at one of 1199
NCDR participating sites. Of these, we were unable to map
215 626 (50.5%) patients to the AUC, largely because no stress
test was performed or stress test results were missing. We also
excluded 7723 (1.8%) PCIs at 420 sites performing fewer than
50 nonacute PCIs annually. Our final cohort was comprised of
203 561 patients at 779 participating centers (Figure 1).

Of the nonacute PCIs that were categorized by the AUC,
101 779 (50.0%) were classified as appropriate, 77 220 (35.5%)
as uncertain, and 24 532 (12.1%) as inappropriate. The median
hospital proportion of inappropriate PCI was 10.9%, with a
range from 0.0% to 58.6%. Categorized as hospital tertiles, the
median proportion of inappropriate PCI in the lowest hospital
tertile was 5.3% (range, 0.0% to 8.1%), as compared with a
median proportion of inappropriate PCI of 10.9% (range, 8.1%
to 15.2%) in the middle tertile and 20.0% (range, 15.2% to
58.6%) in the highest tertile (Table 1).

Most patients were white and male, the mean age was
65.4�11.1 years, and the vast majority had hypertension or
dyslipidemia. Nearly 40% of patients had diabetes mellitus
and one-quarter were smokers, had a prior myocardial infarc-

tion, or a family history of coronary artery disease. Approx-
imately half had prior PCI and nearly 15% had prior bypass
surgery. Comparisons across hospital tertiles of inappropriate
PCI were statistically significant for the majority of comor-
bidities and risk factors given our large sample size; however,
most of these differences were small (see Table 1). Consistent
with the variables that determine classification of PCI appro-
priateness for nonacute indications, patients from hospitals in
the lowest tertile of inappropriate PCI had greater severity of
angina (CCS III or IV; 54.7% versus 37.3% versus 22.2%
from lowest to highest-tertile, P�0.001 for trend), higher risk
stress tests results (intermediate or high-risk; 70.5% versus
67.6% versus 57.4%, P�0.001 for trend), and were on more
antianginal medications (at least 2 antianginals; 30.2% versus
27.4 versus 22.7%, P�0.001 for trend) before the procedure
(see Table 1).

In the evaluation of hospital factors, most hospitals were
private or community-based and located in urban settings.
Nearly half were dedicated teaching hospitals. Notably, there
were no significant trends in hospital characteristics across
tertiles of inappropriate PCIs (Table 2).

A total of 453 (0.2%) patients died in-hospital, 3699
(1.8%) had periprocedural bleeding, and 173 847 (85.4%)
were discharged on optimal medical therapy after PCI (Table
3). Outcomes were similar after nonacute PCIs among pa-
tients excluded from the primary analysis (in-hospital mor-
tality, n�747 [0.3%]; periprocedural bleeding, n�4579
[2.1%]; optimal discharge medications, n�188 763 [84.5%]).
The hospital tertile of inappropriate PCIs was not associated
with unadjusted or risk-adjusted mortality. Similarly, hospital
tertile was not associated with unadjusted or risk-adjusted
periprocedural bleeding nor the provision of guideline-
directed medications at discharge after PCI.

The sensitivity analyses assigning stress test results when
the results were missing increased the number of nonacute
PCIs that could be classified by the AUC and influenced the
proportion of inappropriate PCIs in each hospital tertile. In
these analyses, several statistically significant associations
were identified. However, there were no consistent or clini-
cally important trends between hospital tertiles of inappropri-
ate PCIs and postprocedural processes and outcomes (online-
only Data Supplement). Compared with the primary analysis,
when missing stress test results were assumed high risk, the
category of hospital tertile changed for 167 (21.4%) hospitals.

Figure 1. Identification of the study
cohort. PCI indicates percutaneous coro-
nary intervention; NCDR, National Cardio-
vascular Data Registry.
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Table 1. Patient Characteristics by Hospital Tertile of Inappropriate PCIs for Nonacute Indications

Patient Characteristics
All Hospitals

(n�779)

Hospital Tertile of Inappropriate PCI

P Value
1 (Lowest)
(n�259)

2
(n�260)

3 (Highest)
(n�260)

Median proportion of inappropriate PCI (range) 10.9 (0.0, 58.6) 5.3 (0.0, 8.1) 10.9 (8.1, 15.2) 20.0 (15.2, 58.6)

Patients 203 531 73 753 71 782 57 996

Demographics

Age, y, mean (SD) 65.4 (11.1) 65.0 (11.2) 65.5 (11.1) 65.6 (11.0) �0.001

Male sex 135 615 (66.6%) 48 289 (65.5%) 48 147 (67.1%) 39 179 (67.6%) �0.001

White 181 070 (89.0%) 66 031 (89.5%) 62 874 (87.6%) 52 165 (89.9%) 0.18

Insurance

Private 137 771 (67.8%) 48 182 (65.4%) 48 985 (68.3%) 40 604 (70.1%) �0.001

Public only 59 639 (29.3%) 22 993 (31.2%) 20 657 (28.8%) 15 989 (27.6%)

Non-US 107 (0.1%) 30 (0.0%) 39 (0.1%) 38 (0.1%)

None 5764 (2.8%) 2444 (3.3%) 1993 (2.8%) 1327 (2.3%)

Clinical risk factors and comorbidities

Use of tobacco 44 665 (22.0%) 17 310 (23.5%) 14 887 (20.7%) 12 468 (21.5%) �0.001

Hypertension 175 645 (86.3%) 63 936 (86.7%) 61 906 (86.3%) 49 803 (85.9%) �0.001

Dyslipidemia 175 401 (86.3%) 63 321 (85.9%) 62 176 (86.7%) 49 904 (86.1%) 0.25

Family history of CAD 50 598 (24.9%) 19 776 (26.8%) 17 469 (24.3%) 13 353 (23.0%) �0.001

Prior MI 58 687 (28.8%) 21 452 (29.1%) 20 660 (28.8%) 16 575 (28.6%) 0.04

Heart failure 22 590 (11.1%) 8645 (11.7%) 7756 (10.8%) 6189 (10.7%) �0.001

Prior valve surgery 2715 (1.3%) 848 (1.2%) 1067 (1.5%) 800 (1.4%) �0.001

Prior PCI 90 710 (44.6%) 34 257 (46.5%) 31 612 (44.0%) 24 841 (42.8%) �0.001

Prior CABG 28 455 (14.0%) 9565 (13.0%) 10 257 (14.3%) 8633 (14.9%) �0.001

Hemodialysis 4256 (2.1%) 1469 (2.0%) 1551 (2.2%) 1236 (2.1%) 0.06

Cerebrovascular disease 25 689 (12.6%) 9323 (12.6%) 8962 (12.5%) 7404 (12.8%) 0.56

Peripheral arterial disease 27 365 (13.5%) 10 058 (13.6%) 9182 (12.8%) 8125 (14.0%) 0.13

Chronic lung disease 30 234 (14.9%) 11 803 (16.0%) 10 069 (14.0%) 8362 (14.4%) �0.001

Diabetes mellitus 77 301 (38.0%) 27 826 (37.7%) 27 236 (38.0%) 22 239 (38.3%) 0.02

Clinical presentation

Clinical symptoms �0.001

None 27 875 (13.7%) 5433 (7.4%) 9758 (13.6%) 12 684 (21.9%)

Atypical angina 14 370 (7.1%) 4039 (5.5%) 4879 (6.8%) 5452 (9.4%)

Stable angina 91 682 (45.0%) 30 481 (41.3%) 34 145 (47.6%) 27 056 (46.7%)

Unstable angina without high-risk features 69 604 (34.2%) 33 800 (45.8%) 23 000 (32.0%) 12 804 (22.1%)

Angina �0.001

No symptoms 29 023 (14.3%) 4899 (6.6%) 10 045 (14.0%) 14 079 (24.3%)

CCS I 23 799 (11.7%) 6350 (8.6%) 8080 (11.3%) 9369 (16.2%)

CCS II 70 613 (34.7%) 22 100 (30.0%) 26 881 (37.4%) 21 632 (37.3%)

CCS III 65 190 (32.0%) 33 812 (45.8%) 20 968 (29.2%) 10 410 (17.9%)

CCS IV 14 906 (7.3%) 6592 (8.9%) 5808 (8.1%) 2506 (4.3%)

Any antianginal medication 146 693 (72.1%) 54 295 (73.6%) 52 401 (73.0%) 39 997 (69.0%) �0.001

No. of antianginal medications �0.001

0 56 940 (28.0%) 19 488 (26.4%) 19 415 (27.1%) 18 037 (31.1%)

1 91 531 (45.0%) 31 988 (43.4%) 32 739 (45.6%) 26 804 (46.2%)

�2 55 045 (27.0%) 22 274 (30.2%) 19 619 (27.4%) 13 152 (22.7%)

Stress test results �0.001

Low risk 39 637 (35.2%) 9232 (29.5%) 13 436 (32.4%) 16 969 (42.6%)

Intermediate risk 47 462 (42.2%) 12 899 (41.2%) 17 780 (42.9%) 16 783 (42.2%)

High risk 25 466 (22.6%) 9170 (29.3%) 10 234 (24.7%) 6082 (15.2%)

(Continued)
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When missing stress test results were assumed low risk, the
category of hospital tertile changed for 367 (47.1%) hospitals.

Discussion
In this large, national registry of PCI procedures, we evalu-
ated the association between a hospital’s proportion of
inappropriate PCIs in nonacute settings—as defined by the
AUC—and traditional performance measures of processes of
care and postprocedural outcomes. In 203 561 PCIs from 779
hospitals, we found no relationship between hospital tertiles
of inappropriate PCIs and in-hospital mortality, periproce-
dural bleeding, or medical therapy at discharge. These find-
ings suggest that PCI appropriateness, relative to processes of
care and postprocedural outcomes, measures a different
aspect of PCI quality. Furthermore, the large hospital-level
variation in the proportion of inappropriate PCIs for nonacute
indications suggests that there are significant differences in
the quality of patient selection for PCI across facilities that
are unrelated to how well the procedure is performed.
Therefore, measurement of PCI appropriateness and postpro-
cedural outcomes are both important metrics to inform PCI
quality.

Although AUC have been developed for a number of
diagnostic and therapeutic procedures in cardiovascular med-

icine,4,13–15 to our knowledge, this is the first study to assess
the relationship between facility-level procedural appropri-
ateness and traditional metrics of procedural quality. Al-
though appropriateness assessment, processes of care, and
postprocedural outcomes are all quality measures for PCI, the
systems required to improve quality in these domains are
different (Figure 2). To ensure proper patient selection,
hospitals will likely need decision-making tools and interven-
tions prior to patient arrival in the cardiac catheterization
laboratory. Among patients being considered for nonacute
PCI, this may include ensuring an adequate assessment of
ischemic risk, a trial of robust antianginal medications before
PCI (since medications alone may alleviate patients’ an-
gina16), and the avoidance of revascularization in asymptom-
atic patients with non–high-risk coronary anatomy. Further-
more, proper patient selection to avoid inappropriate PCI may
be disincentivized by monetary reimbursement, referral struc-
tures, and the expectation of colleagues.17 Systems to support
high-quality patient selection are probably unrelated to sys-
tems that ensure minimization of procedural complications
and promote high-quality postprocedural care. Procedural
systems may include optimization of bleeding avoidance
strategies (eg, radial access site and bivalrudin), renal protec-
tive measures for chronic kidney disease, and development of

Table 1. Continued

Patient Characteristics
All Hospitals

(n�779)

Hospital Tertile of Inappropriate PCI

P Value
1 (Lowest)
(n�259)

2
(n�260)

3 (Highest)
(n�260)

Coronary artery stenoses 0.02

1 97 779 (48.0%) 35 908 (48.7%) 33 959 (47.3%) 27 912 (48.1%)

2 67 593 (33.2%) 24 383 (33.1%) 24 043 (33.5%) 19 167 (33.0%)

3 36 709 (18.0%) 12 995 (17.6%) 13 220 (18.4%) 10 494 (18.1%)

Significant proximal LAD stenosis 55 316 (27.2%) 20 699 (28.1%) 19 509 (27.2%) 15 108 (26.1%) �0.001

PCI indicates percutaneous coronary intervention; CAD, coronary artery disease; MI, myocardial infarction; CABG, coronary artery bypass graft; CCS, Canadian
Cardiovascular Society (class); and LAD, left anterior descending artery.

Continuous variables were compared using linear trend test. Categorical variables were compared using Mantel-Haenszel trend test.

Table 2. Hospital Characteristics by Hospital Tertile of Inappropriate PCI for Nonacute Indications

Hospital Characteristics
All Hospitals

(n�779)

Hospital Tertile of Inappropriate PCI

P Value
1

(n�259)
2

(n�260)
3

(n�260)

Median proportion of inappropriate PCI (range) 10.9 (0.0, 58.6) 5.3 (0.0, 8.1) 10.9 (8.1, 15.2) 20.0 (15.2, 58.6)

Hospital location 0.89

Rural 114 (14.6%) 47 (18.1%) 31 (11.9%) 36 (13.8%)

Suburban 253 (32.5%) 73 (28.2%) 82 (31.5%) 98 (37.7%)

Urban 412 (52.9%) 139 (53.7%) 147 (56.5%) 126 (48.5%)

Hospital type 0.23

Government 8 (1.0%) 4 (1.5%) 2 (0.8%) 2 (0.8%)

Private/community 689 (88.4%) 236 (91.1%) 221 (85.0%) 232 (89.2%)

University 82 (10.5%) 19 (7.3%) 37 (14.2%) 26 (10.0%)

Teaching hospital 360 (46.2%) 117 (45.2%) 127 (48.8%) 116 (44.6%) 0.90

Public hospital 435 (55.8%) 141 (54.4%) 143 (55.0%) 151 (58.1%) 0.40

PCI indicates percutaneous coronary intervention.
Hospital characteristics were compared using Mantel-Haenszel trend test.
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care pathways to improve adherence to guideline-directed
medications.18–23

In this context, our study has several important implica-
tions. First, the lack of association between hospital level
appropriateness classification and PCI outcomes indicates

that measures of appropriateness alone are inadequate in
determining PCI quality, as they do not describe hospitals
with higher or lower rates of procedural complications. In
fact, both hospitals with high and low proportions of PCIs
classified as inappropriate perform the procedures with rela-

Table 3. Postprocedural Outcomes and Processes of Care by Hospital Tertile of Inappropriate PCI for Nonacute Indications

All Hospitals
(n�779)

Hospital Tertile of Inappropriate PCI

P Value
1 (Lowest)
(n�259)

2
(n�260)

3 (Highest)
(n�259)

Median proportion of inappropriate PCI (range) 10.9 (0.0, 58.6) 5.3 (0.0, 8.1) 10.9 (8.1, 15.2) 20.0 (15.2, 58.6)

Total No. of PCI 203 531 73 753 71 782 57 996

Total No. of inappropriate PCI 24 532 (12.1%) 3810 (5.2%) 8056 (11.2%) 12 666 (21.8%)

In-hospital mortality

Total deaths 453 (0.2%) 156 (0.2%) 150 (0.2%) 147 (0.3%) 0.13

Adjusted odds ratios Reference 0.93 (0.73–1.19) 1.12 (0.88–1.43) 0.35

Periprocedural bleeding

Total periprocedural bleeding 3699 (1.8%) 1331 (1.8%) 1407 (2.0%) 961 (1.7%) 0.08

Adjusted odds ratios Reference 1.13 (1.02–1.26) 1.02 (0.91–1.16) 0.07

Discharge medications

Aspirin 100% 100% 100% 100% 0.99

Thienopyridine 100% 100% 100% 100% 0.99

Statin 173 847 (85.4%) 62 940 (85.3%) 61 497 (85.7%) 49 410 (85.2%) 0.58

All medications 173 847 (85.4%) 62 940 (85.3%) 61 497 (85.7%) 49 410 (85.2%) 0.58

PCI indicates percutaneous coronary intervention.
Unadjusted outcomes were compared using Mantel-Haenszel trend test. Adjusted odds ratios were compared using Wald test. In additional multivariable logistic

regression with hospital tertile modeled for trend, there was no association between hospital tertile and in-hospital mortality (odds ratio for single increase in tertile,
1.05; 95% confidence interval, 0.93–1.19) or periprocedural bleeding (odds ratio, 1.02; 95% confidence interval, 0.96–1.08).

Figure 2. Conceptual framework for systems and measurement of high-quality percutaneous coronary intervention (PCI).
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tively low mortality and bleeding rates. Second, the consid-
erable hospital-level variation in inappropriate PCIs suggests
that there exists a substantial opportunity to explore upstream
PCI quality metrics to ensure patients are expected to benefit
from the procedure. Notably, among PCIs performed at
hospitals in the highest tertile of inappropriate PCIs, nearly
25% were for asymptomatic patients, in whom there is no
expectation for clinical benefit.24–26 Similarly, 75% of pa-
tients undergoing PCI at hospitals in the highest tertile were
not on maximal antianginal therapy before the procedure,
precluding the opportunity for adequate medical therapy to
cost-effectively control patients’ symptoms.16,24,25,27 Thus, a
higher proportion of patients undergoing PCI at hospitals in
the highest tertile of inappropriate PCI are exposed to the
clinical risk of PCI without reasonable expectation of greater
benefit as compared with more conservative management
strategies. If these inappropriate PCIs represent unneces-
sary procedures, then their identification represent an
opportunity to improve PCI quality by reducing unneces-
sary complications and the resource utilization associated
with these procedures.

One particular area of concern when evaluating AUC
involves the issue of missing stress test data. We therefore
conducted extensive sensitivity analyses to explore the im-
pact of missing stress test data on classification of procedural
appropriateness on our findings. Importantly, the association
between hospital tertile of PCI classified as inappropriate and
postprocedural processes of care and outcomes was not
meaningfully influenced by assumed stress test results. How-
ever, the categorization of hospital tertile changed, depending
on assumptions about missing stress test data. Given the
implications of missing stress test data on the site level
assessment of PCI appropriateness, reducing site level vari-
ation in PCI performed without adequate documentation is an
important corollary goal to reducing hospital variation in
inappropriate PCI. In the interim, site-to-site comparisons of
PCI appropriateness must account for the distribution of PCI
without documentation of preprocedural stress testing to
ensure equitable conclusions.

Strengths of our analysis include the large number of
participating facilities and nonacute PCIs from a nationwide
registry. However, our findings should be considered in the
context of the following limitations. First, participation in
NCDR is often voluntary, and observed results may not
reflect non-NCDR PCI hospitals. However, analysis from a
statewide quality improvement program that includes non-
NCDR hospitals suggests similarity of PCI appropriateness
across NCDR participation status.28 Second, there are limita-
tions in the application of the AUC for coronary revascular-
ization, most notably due to missing results for noninvasive
stress testing. However, our sensitivity analyses that assumed
the highest and lowest risk for missing stress tests did not
alter our conclusions. Additional limitations in the application
of AUC have been described29; however, it is unclear these
limitations importantly influence the assessment of patient
selection for PCI across broad practice settings. Third, our
study does not address the potential association between
hospital PCI appropriateness and long-term outcomes. In
addition to in-hospital complications, PCI incurs long-term

risk such as bleeding related to dual antiplatelet therapy, acute
thrombosis, and the need for repeat revascularization. It is
possible that patient factors not accounted for in the AUC but
associated with increased risk of these long-term complica-
tions (eg, prior bleeding event) are less frequently considered
at facilities that also perform more inappropriate PCI. As a
result, facilities performing more inappropriate PCI may have
higher long-term complication rates. Finally, although our
risk-adjusted analyses considered key variables identified
from contemporary models developed and validated within
NCDR, residual confounding is possible given the observa-
tional nature of our study.

In conclusion, in this large national registry, we found
significant variation in the hospital proportion of nonacute
PCIs classified as inappropriate. The hospital proportion of
inappropriate PCI was not associated with other measures of
PCI quality, including in-hospital mortality, periprocedural
bleeding, and medication treatment after PCI. Our findings
suggest that PCI appropriateness measures unique and impor-
tant information that complements traditional PCI metrics to
more fully inform quality. Additionally, these findings sug-
gest hospitals with low rates of PCI complications do not
necessarily provide high-quality PCI in settings where sub-
optimal patient selection results in more frequent use of PCI
for inappropriate clinical indications. Hospital-based systems
are needed to both ensure proper patient selection to maxi-
mize anticipated procedural benefit and to minimize postpro-
cedural complications.
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